A long-term cohort study of working men in Israel found that smokers who reduced their cigarette consumption had lower subsequent mortality rates than those who did not. We conducted comparable analyses in 2 populations of smokers in Scotland. The Collaborative Study included 1,524 men and women aged 40-65 years in a working population who were screened twice, in 1970-1973 and 1977. The Renfrew/Paisley Study included 3,730 men and women aged 45-64 years in a general population who were screened twice, in 1972-1976 and 1977-1979. Both groups were followed up through 2010. Subjects were categorized by smoking intensity at each screening as smoking 0, 1-10, 11-20, or ≥21 cigarettes per day. At the second screening, subjects were categorized as having increased, maintained, or reduced their smoking intensity or as having quit smoking between the first and second screenings. There was no evidence of lower mortality in all reducers compared with maintainers. Multivariate adjusted hazard ratios of mortality were 0.91 (95% confidence interval (CI): 0.75, 1.10) in the Collaborative Study and 1.08 (95% CI: 0.97, 1.20) in the Renfrew/Paisley Study. There was clear evidence of lower mortality among quitters in both the Collaborative Study (hazard ratio = 0.66, 95% CI: 0.56, 0.78) and the Renfrew/ Paisley Study (hazard ratio = 0.75, 95% CI: 0.67, 0.84). In the Collaborative Study only, we observed lower mortality similar to that of quitters among heavy smokers (≥21 cigarettes/day) who reduced their smoking intensity. These inconclusive results support the view that reducing cigarette consumption should not be promoted as a means of reducing mortality, although it may have a valuable role as a step toward smoking cessation.
Despite clear evidence that smoking cessation brings substantial health benefits and financial savings, many smokers are unable or unwilling to quit. Consequently, researchers have tried to establish whether reducing the number of cigarettes smoked could bring about sufficient long-term health benefits to be recommended as a worthwhile alternative to quitting. A large prospective cohort study in Denmark with a mean of 15 years' follow-up found no evidence that heavy smokers who reduced their daily number of cigarettes had a lower risk of death from all causes or of fatal or nonfatal myocardial infarction (1, 2) . A systematic review of the health benefits of smoking reduction identified 24 other studies, most of which were small and with short follow-up (3) .
It concluded that a substantial reduction in smoking seemed to have a small health benefit, but more research was needed to determine the long-term effects. Two other large prospective cohort studies found that smoking reduction did not lower the risk of death from all causes (4) or the incidence of stroke or myocardial infarction (5) . However, a recent cohort study of working Israeli men who were recruited in 1963, rescreened in 1965, and followed up for 32 years found that smoking reducers had significantly lower hazard ratios for mortality than did maintainers (6) . The apparent benefit of reducing smoking was seen primarily in heavy smokers and for cardiovascular disease mortality. In light of these results, the authors suggested that reducing the number of cigarettes smoked was a plausible risk-reduction strategy for heavy smokers who are unable to quit. Advocating reduction rather than cessation for some smokers would be a major shift in approach that should have solid support from several rigorous studies. In an attempt to reproduce the Israeli findings, we applied the methodology of that study to 2 comparable cohorts in Scotland that were recruited and rescreened in the 1970s and followed up until the end of 2010.
MATERIALS AND METHODS
Participants were from 2 of the Midspan prospective cohort studies, which originated in the postwar effort to control pulmonary tuberculosis by screening with mass miniature radiography (7) . Recruitment for the Collaborative Study of working men (n = 6,022) and women (n = 1,006) took place between 1970 and 1973 in 27 workplaces in the central belt of Scotland (8) . Recruitment for the Renfrew/ Paisley Study of the general population (7,049 men and 8,353 women) took place between 1972 and 1976 in 2 Scottish towns (9) . Second screenings took place in 1977 for the Collaborative Study and in [1977] [1978] [1979] for the Renfrew/Paisley Study. Participants in both studies completed similar questionnaires and had similar screening examinations. The present analysis used data from men and women who were cigarette smokers at the first screening and who took part in the second screening.
The questionnaires at both screenings included questions on smoking behavior, occupation, diabetes, angina, and severe chest pain lasting for at least 30 minutes. At the first screening, blood pressure, height, and weight were measured, electrocardiography was performed, and a blood sample was taken to test for plasma cholesterol levels; these procedures were repeated at the second screening except for cholesterol measurements.
As in the Israeli study, detailed questions about smoking behavior allowed subjects to be categorized as smoking 1-10, 11-20, or ≥21 cigarettes per day at the 2 screening occasions, or as having quit smoking by the second screening (6) . Smokers were defined at the second screening as having increased (moved to a higher category), maintained (stayed in the same category), or reduced (moved to a lower category) their smoking intensity or as having quit smoking. For additional analyses, the "reduced" group was subdivided into those who reduced from ≥21 cigarettes/day (heavy smokers) or from ≤20 cigarettes/day (lighter smokers).
We defined 6 social class groups based on occupation according to the General Register Office Classification of Occupations (10) ranging from I ( professional) to V (unskilled), with manual social class defined as III manual (skilled manual), IV (partly skilled), and V (unskilled). Women who classified themselves as "housewives" in the Renfrew/Paisley Study were allocated the social classes of their husbands. Diabetes was self reported. Angina was defined according to the Rose questionnaire (11) . At the screening examination, blood pressure was measured with participants seated. Height and weight were measured, and body mass index (weight (kg)/height (m) 2 ) was calculated. Ischemia on electrocardiogram was defined as any of the following Minnesota codes: 1.1-1.3, 4.1-4.4, 5.1-5.3, or 7.1 (12) . Preexisting coronary heart disease was defined as any angina (definite or possible (13)), severe chest pain lasting at least 30 minutes, or ischemia on electrocardiogram.
Mortality follow-up was established by flagging participant data in the National Health Service Central Register. Dates and causes of death were obtained until the end of 2010. Cardiovascular disease mortality was defined as coronary heart disease (International Classification of Diseases, Ninth Revision (ICD-9), codes 410-414 or International Classification of Diseases, Tenth Revision (ICD-10), codes I20-I25) or stroke (ICD-9 codes 430-438 or ICD-10 codes I60-I69 or G45). Non-cardiovascular disease mortality was defined as all other causes of death. Lung cancer mortality was defined as ICD-9 code 162 or ICD-10 codes C33-C34. Nine Collaborative Study and 23 Renfrew/Paisley Study participants who left the United Kingdom were censored at their leaving dates.
The age range for participation in the Renfrew/Paisley Study was 45-64 years (mean = 53 years). Collaborative Study participants were included in this analysis if they were aged 40 years or older at the first screening (mean = 49 years, maximum = 65 years) to achieve a similar age range to that of participants in the Israeli study (6) . After the exclusion of participants who were lost to follow-up (1 Collaborative Study and 4 Renfrew/Paisley Study participants), there were 1,524 (1,299 male and 225 female) Collaborative Study and 3,730 (1,878 male and 1,852 female) Renfrew/ Paisley Study participants who were current smokers at the first screening and who took part in the second screening.
Statistical analyses were conducted by using Stata, version 11, software (StataCorp LP, College Station, Texas), and all P values were 2-sided. Means and percentages of risk factors were standardized by 5-year age groups. Tests for trends across smoking intensity categories were calculated by using regression analysis for continuous variables or logistic regression analysis for discrete variables. Cox proportional hazards regression models were used to calculate the hazard ratios of mortality for each smoking intensity category and to calculate P values for trend by using smoking intensity as a continuous variable. The proportional hazards assumption was checked by using Schoenfeld residuals. Analyses of mortality from cardiovascular disease and non-cardiovascular disease accounted for competing risks by using the stcrreg procedure in Stata, version 11, software, which uses the methodology of Fine and Gray (14) . Participants who maintained their smoking intensity were considered the baseline group. The first model included adjustments for age at the second screening, social class, and number of cigarettes smoked at the first screening. The second model also adjusted for systolic blood pressure, body mass index, diabetes, and preexisting coronary heart disease at the second screening and plasma cholesterol level at first screening. The few missing variables (0.6% in the Collaborative Study and 3.2% in the Renfrew/Paisley Study) were replaced by the sex-and study-specific mean (or mode for social class). Follow-up was from the date of the second screening until the date of death, date of leaving the United Kingdom, or December 31, 2010. Interactions with sex were not significant (P for interaction for all-cause mortality was 0.15 in the Collaborative Study and 0.52 in the Renfrew/Paisley Study), so results are presented with data from men and women combined, and analyses included a term for sex. Results for men and women are presented separately in Web Tables 1-3 available at http:// aje.oxfordjournals.org/.
Logistic regression was used to calculate the odds ratios of survival by smoking intensity category to age 75 years in both studies and to age 80 years in the Renfrew/Paisley Study only (because 23 surviving Collaborative Study participants had not reached age 80 years at the end of follow-up). Tests for trend used smoking intensityasacontinuousvariable.Participantswho had left the United Kingdom during follow-up were excluded from these analyses only, because there was no information on death status. Higher odds ratios represent better outcomes in these analyses, in contrast to hazard ratios of mortality, in which higher hazard ratios represent worse outcomes.
Finally, the 2 studies were combined and analyzed with a term for study included. There were 3 men who participated in both studies; only their Collaborative Study data were used in these joint analyses because that study was conducted first (15) . Interactions with study were not significant, apart from analysis of all-cause mortality with the "reduced" category subdivided into heavy and lighter smokers (P for interaction = 0.017); therefore, these analyses were conducted separately for the 2 studies. Analyses were repeated, excluding deaths in the first 3 years to address reverse causation. Further analyses included adjustment for duration of smoking from smoking initiation to first screening, which excluded 16 Renfrew/Paisley Study participants with missing data on age at smoking initiation.
RESULTS
Smoking categories at the first and second screenings are shown in Tables 1 and 2 for the Collaborative and Renfrew/ Paisley Studies, respectively. In the Collaborative Study, 13.8% of subjects increased, 59.2% maintained, and 9.6% reduced their cigarette consumption, and 17.3% quit smoking between the 2 screenings (Table 3 ). In the Renfrew/ Paisley Study, 9.9% of subjects increased, 64.6% maintained, and 12.6% reduced their cigarette consumption, and 13.0% quit smoking. Differences in risk factors among the smoking change groups were apparent in participants who quit smoking. Quitters in the Collaborative Study had higher cholesterol levels and body mass index values, and fewer were from manual social classes. Quitters in the Renfrew/Paisley Study had higher systolic blood pressure and body mass index values.
During a median follow-up of 21.1 (maximum, 33.9) years in the Collaborative Study, 1,252 participants (82%) died. During a median follow-up of 18.7 (maximum, 33.8) years in the Renfrew/Paisley Study, 3,187 participants (85%) died. There was no evidence of lower mortality in those who reduced cigarette consumption compared with those who maintained cigarette consumption. The multivariate adjusted hazard ratios of mortality were 0.91 (95% confidence interval ( We analyzed heavy smokers (≥21 cigarettes/day) who reduced smoking intensity separately from lighter smokers (≤20 cigarettes/day) who reduced smoking intensity and obtained contrasting results. In the Collaborative Study, there was a significantly lower multivariate adjusted hazard ratio of mortality for the heavy smokers who reduced smoking intensity (HR = 0.67, 95% CI: 0.50, 0.90), which was similar to that for quitters. The lighter smokers who reduced smoking intensity had a nonsignificant hazard ratio of 1.17 (95% CI: 0.92, 1.48). In the Renfrew/Paisley Study, there was no suggestion of lower mortality for smoking reduction among either heavy smokers (HR = 1.14, 95% CI: 0.97, 1.33) or lighter smokers (HR = 1.04, 95% CI: 0.91, 1.19) (data not shown).
Hazard ratios of cardiovascular disease mortality that used competing risk models were no different across the smoking intensity categories in either cohort (Table 4 ). There was lower mortality from non-cardiovascular disease causes among quitters in both cohorts but not among reducers when using competing risk models. In the combined studies, there was lower mortality from lung cancer among quitters (multivariate adjusted HR = 0.53, 95% CI: 0.39, 0.71) but not among reducers (multivariate adjusted HR = 0.91, 95% CI: 0.70, 1.19) (data not shown). The overall results were similar for men and women separately (Web Table 1 ). Results were also similar when both cohorts were combined (Table 5 for men and women, Web Table 2 for men and women separately). The exclusion of deaths in the first 3 years had essentially no effect on the results (data not shown).
The multivariate odds ratios of surviving to age 75 years were no higher in reducers than in maintainers in both studies. The odds ratios were 1.07 (95% CI: 0.74, 1.54) in the Collaborative Study and 0.87 (95% CI: 0.7, 1.07) in the Renfrew/Paisley Study ( Table 6 ). The multivariate adjusted odds of surviving to age 75 years were lower for Collaborative Study participants who increased their smoking. Collaborative and Renfrew/Paisley Study participants who quit smoking had higher odds of surviving to age 75 years. Combining the 2 cohorts produced similar results. Survival to age 80 years was higher among Renfrew/Paisley Study participants who quit smoking (odds ratio = 1.64, 95% CI: 1.33, 2.02). Results for men and women are shown separately in Web Table 3 .
DISCUSSION
In this long-term prospective study of both working and general population cohorts, we were unable to detect a significant overall long-term survival benefit among smokers who reported reducing their daily consumption of cigarettes between 2 screenings a few years apart. Our results can be usefully compared with those of a recently published Israeli study of comparable size, methodology, and duration of follow-up, which found lower long-term all-cause and cardiovascular disease mortality rates among smoking reducers (6) . Two other large cohort studies found that smoking reduction did not reduce the risk of dying (4) or of experiencing a stroke or myocardial infarction (5) . A third large cohort study found that hazard ratios of all causes of death and fatal or nonfatal myocardial infarction were not reduced after 15.5 years of follow-up (1, 2). The main features and outcomes of the 6 cohort studies are summarized in Table 7 . All studies used essentially the same methods of 2 screenings a few years apart and subsequent follow-up. Five used death as the main outcome measure, and 1 used the incidence of stroke or myocardial infarction. There were clear differences in the size and composition of the cohorts and in the duration of follow-up. Four studies used the same definitions of smoking groups and smoking reduction, and 2 studies used different definitions. Although the Scottish and Israeli cohorts were the most similar in terms of size, screening intervals, and duration of follow-up, the apparent overall lack of benefit from smoking reduction for all-cause mortality found in the Scottish analysis concurred with Norwegian (4), Danish (1), and Korean (5) studies. However, the contrast is not as clear as it might first appear. In the Collaborative Study but not the Renfrew/Paisley Study, heavy smokers who reduced their smoking intensity had a significantly lower mortality rate than either smokers who maintained their cigarette consumption or, surprisingly, light smokers who reduced their consumption. This is similar to the findings in the Israeli cohort, in which a significant reduction in mortality risk was found among heavy smokers but not among light smokers who reduced their smoking intensity (6) . Furthermore, although the analysis of the combined Danish cohorts did not show a benefit from reducing smoking after 15.5 years of follow-up, the risk of lung cancer among reducers was significantly lower after 18 years of follow-up (HR = 0.73, 95% CI: 0.54, 0.98) (16) . However, we did not find that mortality from lung cancer was lower among those who reduced their smoking when we combined the data from our 2 cohorts. Given the abundant evidence for a dose-response relationship between the lifetime number of cigarettes smoked and subsequent morbidity and mortality, it would seem logical to expect that reducing the number of cigarettes smoked would lead to a lower mortality rate. The authors of the Israeli study suggested the different results could be caused by insufficient length of follow-up of the cohorts in the previously reported studies. This is given some support by the finding of reduced lung cancer risk in the Danish pooled cohorts after a longer period of follow-up (16) . However, with more than 30 years of follow-up, during which time more than 80% of the participants died, the Scottish cohort studies still did not show unequivocal benefit. The Scottish cohort studies had the added benefits of including both general and working populations of men and women, whereas the Israeli study included only working men. Some explanation may lie in the contrasting patterns of smoking reduction in the various studies. The Israeli study showed that the main health benefit appeared to be among heavy smokers who reduced their smoking, a finding mirrored in the Collaborative Study cohort but not the Renfrew/Paisley Study cohort. A notable feature of the Israeli cohort was the relatively high proportion of subjects who were heavy smokers and who reduced the number of cigarettes they smoked between the first and second screenings. This proportion represented 13.4% of the Israeli cohort compared with 4.1% and 5.3% of the Collaborative Study and Renfrew/Paisley Study cohorts, respectively, and 6.7% of the much larger Korean cohort (5) . This may, at least in part, explain the observed differences in overall outcomes.
Crucially, all 6 cohorts lacked information about smoking behavior and the reasons for any changes in smoking during the follow-up period. Therefore, there is uncertainty about the proportions of "reducers" in each cohort who sustained their ), diabetes, and preexisting coronary heart disease at the second screening.
reported levels of reduction, subsequently quit smoking, or resumed heavier smoking. A third screening, several years after the second, was carried out on about half of the "reducers" in the Danish cohort (2) . In this third screening, approximately 50% of subjects had continued to smoke at a reduced level, 25% had quit smoking, and 25% had resumed heavy smoking. We also know little about the behavior during follow-up of the "maintainers," with whom the "reducers" are compared. All of the cohorts had substantial numbers of smokers who increased their daily cigarette consumption between the 2 screenings, emphasizing the wide variation and unpredictability of smoking behavior. Given the changes in smoking status observed in all cohorts between the first and second screenings, it is inevitable that many of the "maintainers" will have changed their cigarette consumption or will have quit smoking during the years of follow-up. Consequently, the baseline against which the "reducers" are compared is itself subject to considerable uncertainty and could vary between the cohorts.
In a systematic review of the health benefits of smoking reduction, Pisinger and Godtfredsen (3) found that most of the 25 studies meeting their criteria were small, with short follow-up. They focused mainly on biological markers of smoking intensity, cardiovascular risk factors, or intermediate outcomes such as the level of asthma control, the birth weights of the babies of pregnant smokers, or hospital admissions for chronic obstructive pulmonary disease. In small controlled studies, many smokers were unable to sustain reduced smoking levels. The reduction in biochemical markers of smoking in these studies was, on average, less than would be expected, indicating that some smokers may have compensated for the reduced number of cigarettes by puffing more frequently or more intensely or by smoking more of each cigarette (17) (18) (19) . Studies in the review that included smokers who had significantly reduced their smoking (often defined as a >50% reduction in baseline smoking) found an improvement in respiratory symptoms and some cardiovascular risk factors. However, the benefits of less substantial smoking reduction were much less clear (3) .
Smoking reduction in itself, therefore, may not result in health improvement; however, there is increasing evidence b Adjusted for sex, social class, and cigarettes smoked at the first screening and age at the second screening. c Adjusted for sex, social class, cigarettes smoked, and plasma cholesterol level at the first screening and age, systolic blood pressure, body mass index (weight (kg)/height (m)
2 ), diabetes, and preexisting coronary heart disease at the second screening. d Odds ratios are also adjusted for study. that it has a potentially important role as a step toward smoking cessation. Smokers who are reducing their cigarette smoking are more likely to report that they intend to quit, want to quit, and are confident in their ability to quit (20, 21) . There is also good evidence that reducing smoking before quitting with the aid of nicotine replacement therapy is just as effective as abrupt cessation, and that the use of nicotine replacement therapy when reducing smoking can increase the rate at which smokers try and succeed in quitting (22) . Nicotine replacement therapy was not available when participants in the studies considered here reduced their smoking.
In conclusion, the long-term follow-up of these 2 Scottish cohorts does not provide sufficient evidence of benefit to endorse the Israeli conclusion that "reducing smoking intensity may be advised for heavy smokers who cannot quit abruptly" (6, p. 1011). Existing research does not provide useful guidance for the level of reduction of cigarette consumption required to confer meaningful health benefits. On the other hand, continued smoking, even at low levels, clearly carries substantially increased health risks (23) . Reducing the frequency of smoking should thus primarily be recommended as a shortterm step toward cessation.
